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?????????????????????????????VF2 [7], QuickSI [9],

















?????????????????????G = (V,E)????????V ????
???E??????????????????????????????? u????
? v????? l??????? u l→ v??????? v????????????
In(v)?v?????????????Out(v)????v???????????????
???? labin(v)?????????labin(v) = {l | u l→ v ∈ In(v), u ∈ V }??????
??v???????????????????? labout(v)?????????
labout(v) = {l | v l→ u ∈ Out(v), u ∈ V }????
????????????????????????????P = (Vp, Ep)?????
????G = (V,E)???????????????????????????????
??????
?????????????? u l→ u′ ∈ Ep??????? f(u) l→ f(u′) ∈ E????
????????????? f : Vp → V ??????
????????? S ⊆ Vp × V ????? u l→ u′ ∈ Ep??????????????
??????
• ?? (u, v) ∈ S????(u′, v′) ∈ S????? v l→ v′ ∈ E??????





?????? P = (Vp, K,Ep)?????????????((Vp ∪K), Ep)?????
Vp ∩K = ∅????K?????????????????????????K????
????????????????? Vp??????????????f : K → V ??
??S ⊆ Vp × V ???????????????? P = (Vp, K,Ep)???????
G = (V,E)?????? (f, S)????????????(f, S)? P ?G??????
• ???? u l→ u′ ∈ Ep???????????????
– u ∈ K ????f(u) = v????f(u′) = v′?u′ ∈ K ??????? (u′, v′) ∈ S
?u′ ∈ Vp???????????? v l→ v′ ∈ E??????
– u ∈ Vp????? (u, v) ∈ S?????f(u′) = v′?u′ ∈ K ?????????
(u′, v′) ∈ S?u′ ∈ Vp???????????? v l→ v′ ∈ E??????
• ???? u′ l→ u ∈ Ep???????????????
– u ∈ K ????f(u) = v????f(u′) = v′?u′ ∈ K ??????? (u′, v′) ∈ S
?u′ ∈ Vp???????????? v′ l→ v ∈ E??????
– u ∈ Vp????? (u, v) ∈ S?????f(u′) = v′?u′ ∈ K ???????
(u′, v′) ∈ S?u′ ∈ Vp???????????? v′ l→ v ∈ E??????
P ?G?? (f, S)??????? P ?G????? (f, S′)???? S′ ⊆ S????
(f, S)? f ???????????????????????????????????




• f(u1) = s1? {(u2, p1), (u3, c2), (u3, c3)}














???Ti.node?????Ti.parent? Ti.node??????Ti.dir? Ti.parent? Ti.node?
????????Ti.l??????????????SEQ??????Rj ??????
???Rj ?????????????????????? P ?????????????
????????? 3.1???????????? P ???? SEQ?? 3.1??????












? 3.1: ??????????? P
? 3.1: ? 3.1????????? SEQ
Type Ti.node [Ti.dir, Ti.l, Ti.parent]
T0 u1
T1 u2 [in, a, u1]
T2 u3 [in, b, u2]
T3 u4 [out, c, u2]
R1 u4 [out, d, u3]
3.2.2 ?????????
Algorithm 1????????? HybridMatch????P = (Vp, K,Ep)???????
??G = (V,E)????????????????? u ∈ K ∪ Vp???? VT ? SEQ?
?????3????????????? w(e)????? P ?????????????
????????????????????? SEQ??????4?7?????????
?????????????? SEQ??????8?9??????????? Search?
?????P ?G??????? (f, S)??????13????
??????????????? Search??? (Algorithm 2)????? S?????
(u, v) ∈ S????v ∈ S(u)????Search?????????????????????
??????S???????????????????????????????S?
????????????????????????????? u′ l→ u ∈ Ep????
v ∈ S(u)???? E? v′ ∈ S(u′)????? v′ l→ v????????v????????
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Algorithm 1 HybridMatch
Input: ??????????? P = (Vp,K,Ep), ?????? G = (V,E)
Output: P ? G???? (f, S)
1: Initialize SEQ to an empty table
2: VT := ∅
3: Choose a node u ∈ K ∪ Vp, add u to VT , and add u to SEQ
4: while |VT | ̸= |Vp|+ |K| do
5: P := {e | e ∈ Ep such that e.u ∈ VT ∧ e.u′ /∈ VT }
6: Select an edge e ∈ P such that w(e) is minimum in P
7: Add e to SEQ, VT := VT ∪ {e.u′}
8: for each e ∈ Ep\SEQ such that e.u ∈ K ∧ e.u′ ∈ K do
9: Add e to SEQ as an extra edge
10: Let f be an empty function
11: S := ∅
12: d := 0
13: Search(P,G, SEQ, f, S, d)
????????????? u′ l→ u ∈ Ep?????v′ ∈ S(u′)???? E? v ∈ S(u)?
???? v′ l→ v????????v′??????????
Search??G????????? P ???????????????d???????





???????? (f, S)????????8???????d < |Vp|+ |K|??????
FilterCandidates(Algorithm 3)??????SEQ???? d?????? u??????
????????? C(u)?????????????11????
• d? 0????FilterCandidates? labin(u) ⊆ labin(v) ∧ labout(u) ⊆ labout(v)??? v
???????3?5????
• v′ ∈ V ? upar?????????????d? 0????????FilterCandidates?
v′, v????????????? upar, u????????? v???????6?16
????
C(u)?????????Search????????? d?????? u?????????




??? DeleteDangling??????????????????????? u ∈ Vp???




Algorithm 2 Search(P,G, SEQ, f, S, d)
1: if d = |Vp|+ |K| then
2: for each extra edge u l→ u′ ∈ SEQ do
3: if f(u) l→ f(u′) /∈ E then
4: return
5: S := S\{(u, v) ∈ S | f(u′) = v for every u′ ∈ K}
6: DeleteDangling(P,G, f, S)
7: if S(u) ̸= ∅ for every u ∈ Vp then
8: report (f, S)
9: else
10: u := Td.node ∈ SEQ
11: C(u) := FilterCandidates(P,G, SEQ, f, S, d)
12: if u ∈ K then
13: for each v ∈ C(u) such that v is not yet matched do
14: f(u) := v
15: Search(P,G, SEQ, f, S, d+ 1)
16: f(u) := nil
17: else
18: S := S ∪ {(u, v) | v ∈ C(u)}
19: Search(P,G, SEQ, f, S, d+ 1)




?? 1. R????????? P = (Vp, K,Ep)???????G = (V,E)????
HybridMatch????????????(f, S) ∈ R???????(f, S)? P ?G??f ?
???????????????????
?????? (fm, Sm)? P ?G???????? fm = f ?? Sm ⊆ S????(f, S)
? (fm, Sm)???????
⇐) HybridMatch???? u ∈ K ∪ Vp?????u??????? V ?????
FilterCandidates??????????????? P ?G???? (fm, Sm)??????
(fm, Sm)??? (f, S)? DeleteDangling???????????Search????????
??DeleteDangling???? S????????????(f, S)????????????
??????????(f, S′)? (f, S)? DeleteDangling???????????????
?????
Sm ⊆ S′ ⊆ S. (3.1)
(f, S′)???????????????S′? f ???????????????????
???(f, S′)? P ?G??????(fm, Sm)?????????(3.1)??????S′?
Sm??????
⇒) ?????????? DeleteDangling?????????????? (f, S) ∈ R?
P ?G?????????DeleteDangling? (f, S)?????????????????
?????????????(f, S)??????? 2
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Algorithm 3 FilterCandidates(P,G, SEQ, f, S, d)
Input: ??????????? P = (Vp,K,Ep), ??????G = (V,E), ?? f : K → V , ??
?? S ⊆ Vp × V , ?? d
Output: u??????????????? C(u)
1: T := Td ∈ SEQ
2: u := T.node, upar := T.parent
3: if d = 0 then
4: C(u) := {v ∈ V | labin(u) ⊆ labin(v) ∧ labout(u) ⊆ labout(v)}
5: return C(u)
6: if upar ∈ K then
7: if u l→ upar ∈ Ep then
8: C(u) := {v | v l→ f(upar) ∈ E}
9: else if u l← upar ∈ Ep then
10: C(u) := {v | v l← f(upar) ∈ E}
11: else
12: if u l→ upar ∈ Ep then
13: C(u) := {v | v l→ v′ ∈ E ∧ (upar, v′) ∈ S}
14: else if u l← upar ∈ Ep then





|Vp|+ |K|????11??? C(u)????????V in(l)???? l?????????
?????????ΣP ? P ??????????????








VPL = max(V inPL, V outPL )
??????FilterCandidates????????????? u?????u? upar????
? l??????????????|C(u)| ∈ O(VPL)???????? u ∈ K ????15
??? Search?O(VPL)???????Search???????O(V |K|PL )???????
Search? 11???????O(VPL)????? FilterCandidates??????????




????????8?? 15???O(V 2PL)????????? DeleteDangling?
O(|E| · V 2PL)????????????????HybridMatch????????
O(V |K|+1PL + |E| · V 2PL)
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Algorithm 4 DeleteDangling(P,G, f, S)
1: Q := ∅
2: for each u ∈ Vp do
3: if S(u) contains a dangling node then
4: Sold(u) := S(u)
5: Delete every dangling node from S(u), and add u to Q
6: while Q ̸= ∅ do
7: Delete a node u′ from Q
8: for each v′ ∈ Sold(u′)\S(u′) and each v′ l→ v ∈ E such that u′ l→ u ∈ Ep ∧ (u, v) ∈ S do
9: if v becomes dangling then
10: Sold(u) := S(u)
11: Delete v from S(u) and add u to Q
12: for each v′ ∈ Sold(u′)\S(u′) and each v l→ v′ ∈ E such that u l→ u′ ∈ Ep ∧ (u, v) ∈ S do
13: if v becomes dangling then
14: Sold(u) := S(u)
15: Delete v from S(u) and add u to Q
????????????????????
?? 2. ??????? P = (Vp, K,Ep)???????G = (V,E)?????
HybridMatch???????
O(V |K|+1PL + |E| · V 2PL) (3.2)
????
?????????????
1. ?? c???? |K| ≤ c????HybridMatch????????????
2. |K| ∈ O(log |Ep|)????HybridMatch?????????????
??????????????????????K??????K?????????



























??? P = (Vp, K,Ep)???????G = (V,E)?????????????????
????? k???????????3????????? (f, S)??????????
??(f, S)? P ?G??????
• ???? u l−→
k
u′ ∈ Ep???????????????
– u ∈ K ????f(u) = v???? (u′, v′) ∈ S???????? k??????
??????? l????? (v, . . . , v′)??????
– u ∈ Vp????? (u, v) ∈ S????? (u′, v′) ∈ S???????? k????
????????? l????? (v, . . . , v′)??????
• ???? u′ l−→
k
u ∈ Ep???????????????
– ? (u, v) ∈ S?????f(u′) = v′ (u′ ∈ K???) ??? (u′, v′) ∈ S (u′ ∈ S?








?? k????????????k = 1?????????9?10???????????
????
else if u l←−
k
upar ∈ Ep




upar ∈ Ep then
C(u) := {v | there is a path p = (v, . . . , v′) in G such that p.length ≤ k ∧ (upar, v′) ∈ S}
S := S ∪ {(upar, v′) | there is a path p = (v, . . . , v′, . . . , v′′) in G such that p.length ≤ k ∧
(upar, v′′) ∈ S}
else if u l←−
k
upar ∈ Ep then
C(u) := {v | there is a path p = (v′, . . . , v) in G such that p.length ≤ k ∧ (upar, v′) ∈ S}
Search(Algorithm 2)?4??? 5????????????????
for each edge u l−→
k
u′ ∈ Ep that does not appear in minimumm spanning tree do
if u ∈ K then
S := S ∪ {(u′, v) | there is a path p = (f(u), . . . , v, . . . , v′) in G such that p.length ≤
k ∧ (u′, v′) ∈ S}
else
S := S∪{(u′, v′) | there is a path p = (v, . . . , v′, . . . , v′′) in G such that p.length ≤ k∧(u, v) ∈




u ∈ Ep?????v ∈ S(u)?????v′ = f(u′)????




??????????????????????Intel Xeon E5-2623 v3 3.0GHz CPU?















? 5.1: SP2Bench?? DBPedia?????????
(a) SP2Bench
|V | |E| size (MB)
1 30,794 50,168 5.1
2 61,107 100,073 10.2
3 91,223 150,010 15.4
4 121,201 200,125 20.6
5 150,921 250,128 26.0
(b) DBPedia
|V | |E| size (MB)
1 32,310 50,000 9.9
2 60,831 100,000 19.8
3 167,188 300,000 58.5




































































? 5.2: ????????????????? (DBPedia)
?????????K ???????? (|K| = 3)?????? 40?????????
???? HybridMatch?QuickSI-AG?????DualSimulation????????????











• SP2Bench??????????? 250,128?????????|K|??? 0?? 10
?? 2??????? HybridMatch??????40???????????????
?????????
• DBPedia??????????? 50,000?????????|K|??? 0?? 4??
????? HybridMatch??????40????????????????????
????|K| ≥ 5????????????? HybridMatch? 24?????????
?????????























Number of key nodes |K|























Number of key nodes |K|





























????Rate???? 4.8???????????????? 5.7?? 5.8???????





? 5.7: ????????????????? (SP2Bench)
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